Background
Introduction
Disability pension (DP), considered as a permanent exit from the workforce due to a medical cause, has been increasing in Europe over the past decades and it has significant economic implications at both the individual and societal level [1] . In 2011, of all Finnish residents retiring on a pension based on their own work history, 32.1% transitioned into DP at an average age of 52.1 years [2] . Due to increasing life expectancy and current low birth rates [3] , the pressure to raise the retirement age is growing. Thus better knowledge of the determinants of DP could yield substantial benefits for individuals and the society in prolonging working careers.
Research on underlying causes of transitioning into DP has mostly focused on socioeconomic status in childhood and adulthood, related health conditions [4, 5] and on features of the work [6] . According to the critical period model, which is one of the original life course epidemiology models [7] suboptimal prenatal conditions may cause long-lasting changes in the developing organ structures and functioning of biological systems placing an individual at risk of disease in adulthood [8] . So far the contribution of developmental origins of health and disease to the risk of transition into DP has been scarcely investigated, although the link is theoretically plausible.
We have previously shown in the Helsinki Birth Cohort that small body size at birth, a consequence of an adverse prenatal environment and suboptimal growth, is associated with a higher risk of coronary heart disease [9] , mental disorders such as schizophrenia [10] and physical functioning [11] in adulthood. But, to the best of our knowledge, whether this established association is also reflected in transitioning into DP due to mental disorders, musculoskeletal disorders or cardiovascular disease has not been previously investigated. We were, however, able to identify two earlier studies on prenatal development and the risk of all-cause DP. In a large Norwegian cohort [12] the risk of early DP was higher for those with standardized birth weight below the mean, particularly among men with lower educational attainment. Echoing these findings, a recent Swedish study [13] found that sparing of key organs at the expense of fat formation and muscle development as a result of growth retardation during the 3 rd trimester led to babies being born asymmetrically small for gestational age (A-SGA), and these babies had increased risk of DP. Based on these earlier findings we hypothesized that smaller body size at birth was associated with a higher risk of subsequent disability pension among men and women. Using data from the Helsinki Birth Cohort Study the aim of the present study was to investigate if birth weight was associated with transitioning into all-cause and cause-specific disability pension during the adult work career and whether childhood and adulthood socioeconomic status explained the potential association.
Materials and Methods

Study population
The Helsinki Birth Cohort Study comprises 13 345 individuals born in Helsinki, Finland at Helsinki University Central Hospital or Helsinki City Maternity Hospital between 1934 and 1944 and who had data on birth anthropometry extracted from birth records [9, 14] . Of the original cohort members, 11 378 had retired by the end of follow-up in December 2011 and had data available on date and type of pension and primary diagnosis for disability pension provided by the Finnish Centre for Pensions. From the original cohort, 1800 persons had either migrated or died without a retirement decision. We excluded 167 persons who had no data available on retirement, migration or death. Of these 11 378 cohort members, 10 682 (93.9%) had complete data available on the main variables and covariates used in these analyses. Birth weight and length did not differ among those 10 682 in the present analyses and the 2663 with missing data (t-test p>0.143). The study was approved by the Ethics Committee of Epidemiology and Public Health of the Hospital District of Helsinki and Uusimaa and that of the National Public Health Institute, Helsinki. Written consent was not given by the cohort members, however, the data were anonymized prior to analysis.
Retirement data
All Finnish residents are covered by the pension system. Before reaching the statutory retirement age employees can apply for disability pension if, due to a medically confirmed illness, they are unable to continue working even after periods of rehabilitation, re-education or assistance [2] . Using the unique personal identification number, we were able to retrieve pension data from January 1971 to December 2011, thus we have data on retirement from an average age of 30 years (range 26 to 37) to 71 years (range 67 to 78). During the follow-up, the statutory retirement age for e.g. municipal employees was 63 years [15] , indicating that we were likely to capture the retirement of all cohort members. For these analyses, we coded pension type as (all-cause) disability pension vs. non-disability pension, which included all other types of pension (old-age, early old age, part-time, unemployment and early individual retirement). Further, we coded the main causes of disability pension according to the International Classification of Diseases (ICD) 9 th and 10 th versions into the following groups: mental disorders (ICD 9 codes 290-319 and ICD 10 codes F00-F99), diseases of the musculoskeletal system (710-739 and M00-M99); cardiovascular diseases (CVD) (400-459 and I00-I99); diseases of the nervous system (320-359 and G00-G99); and all other diagnoses.
Birth, childhood and adulthood measures
Birth date, weight, length and birth order of the newborns were retrieved from the hospital birth records described in detail previously [9, 16, 17] . Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. Birth order, ranging from firstborn to fifteenth born, was coded as firstborn versus second or higher. Childhood socioeconomic status was ascertained based on father's highest occupation status extracted from birth, child welfare and school healthcare records and coded as upper middle class, lower middle class and manual workers based on the original social classification system issued by Statistics of Finland [18] . Register data from Statistics Finland, obtained at 5-year intervals between 1970 and 2000 were used to indicate adult socioeconomic status. Highest educational attainment was coded as basic/primary or less, upper secondary, lower tertiary and upper tertiary. Highest occupational status before retirement was coded as upper middle class, lower middle class, self-employed and manual workers [18] .
Statistical analyses
Birth weight was standardized into a Z-score indicating the number of standard deviations by which an observation differs from the mean of the entire study cohort. To test for potential gender differences we first analyzed the interaction 'gender Ã birth weight' on DP in a Cox regression model and because the term was statistically significant (p = 0.007), subsequent analyses were stratified by gender. Nelson-Aalen cumulative hazards of retirement were calculated for the 40-year follow-up time in groups according to non-DP and DP due to mental disorders, musculoskeletal disorders, cardiovascular diseases and all other diagnoses. Using Cox proportional hazards models we estimated the hazards and their 95% confidence intervals for transitioning into DP during the 40-year follow-up for birth weight. Follow-up time was calculated as the number of days between date of birth and date of retirement. In these models non-disability pensioners were treated as censored cases while each disability pension category in turn was treated as an event. Separate analyses were conducted for the main disability pension diagnoses. The proportional hazards assumption was assessed using a test based on scaled Schoenfeld residuals to identify variables for which associations varied over time. Diagnostic investigations indicated that only the effect of birth weight on retirement due to mental disorders among women was not proportional over time. In the Cox models, after the crude model, we first adjusted for birth order and socioeconomic status in childhood and then for highest educational attainment and highest occupational class in adulthood. Cox models were stratified on year of birth to control for potential cohort effects. Modeling was performed with IBM SPSS version 22.0 except for the Nelson-Aalen Cumulative Hazard computation and Schoenfeld residual checks which were performed in the R statistical programming environment (version 3.0.3) using the survival-package (version 2.37-7).
Results
Altogether 21.3% (23.5% men and 18.9% women) of the study members transitioned into DP during the 40-year follow-up period. The average age of transitioning into DP was 51.3 years (SD 8.4) for men and 52.2 years (SD 7.6) for women whereas those who transitioned into nondisability pension worked on average 10 years longer and retired at an average age of 61 years (see Table 1 ). Birth weight was lower for men who transitioned into DP compared to those who transitioned into non-DP (t-test p = 0.012). Among women there were no such associations. Those who transitioned into DP were less frequently firstborns and more often had fathers working in manual professions. There were large differences in terms of adult socioeconomic status showing that those who transitioned into DP had at most secondary education more frequently and were manual workers more frequently compared to non-DP pensioners (χ 2 test p<0.001).
The two leading causes of DP were mental disorders (main diagnoses were depressive episodes, neurotic disorders, mood disorders and schizophrenia) and musculoskeletal disorders (main diagnoses were intervertebral disc disorders, osteoarthritis and arthrosis of knee) and the other main causes were CVD and diseases of the nervous system. Nelson-Aalen Cumulative Hazards were calculated for non-DP and DP due to the main diagnoses (mental disorders, musculoskeletal disorders, CVD and all other diagnoses) for the 40-year follow-up period (Fig  1) . The cumulative hazards of retirement were elevated early in the follow-up for main DP groups compared to the non-DP group. The cumulative hazard started to rise after age 20 years and was consistently higher throughout the working career for those who transitioned into DP due to mental disorders. Differences in characteristics of the study members across the main causes of DP are presented in S1 Table and S2 Table for men and women, respectively. From the main groups of diagnoses the ones who retired due to mental disorders were the youngest to retire compared to the rest of the cohort. Over 70% of the men and women who transitioned into DP because of musculoskeletal disorders had a father who worked in a manual profession and they also worked most frequently in a manual profession themselves before transitioning into DP.
Cox regression models indicated that higher birth weight among men was associated with a lower hazard of all-cause DP in the follow-up, HR 0.93 (95% CI 0.88-0.98 for 1 SD increase in birth weight) ( Table 2 ). The association was not explained by birth order or socioeconomic status in childhood or adulthood nor did we find any statistically significant interactions between birth weight and socioeconomic status in childhood or adulthood on DP (p>0.25). Among women birth weight was not associated with the hazard of all-cause DP. Next, we investigated the hazards for DP due to the main diagnoses (Table 3) . Cox regression models showed that higher birth weight among men was associated with decreased risk of DP due to mental disorders, the adjusted HR being 0.90 (95% CI 0.81, 0.99). A similar but non-significant trend was found for birth weight and DP due to CVD among men. Among women there were no associations between birth weight and the main diagnoses of DP. However, diagnostic tests and plots on scaled Schoenfeld residuals suggested that the proportional hazards assumption of the association between birth weight and retirement due to mental disorders among women changed significantly over time (p<0.001). These plots indicated that, up to age 55 years, higher birth weight was not associated with DP due to mental disorders, adjusted HR 0.99 (95% CI 0.85-1.16). After the age of 55 years the association was positive, adjusted HR 1.23 (95% CI 1.03-1.47). We conducted sensitivity analyses by first using ponderal index (kg/m 3 ) instead of birth weight in the Cox regression models and found the associations to be similar. Then, we further adjusted the models for gestational age, mother's BMI and age, but they did not attenuate the associations between birth weight and DP. We added the quadratic and cubic terms of birth weight in the Cox regression models but because these terms were not significant we did not include them in the final models. Finally, we included the 1800 persons in the HBCS who had died or migrated and did not retire in the Cox regression models as censored cases, but this did not change the results.
Discussion
In this large birth cohort with 40 years of follow-up from 1971-2011 higher birth weight among men was associated with decreased risk of transitioning into disability pension. The cohort members who retired due to mental disorders were the youngest to retire at an average age of 50 whereas those who transitioned into non-DP worked 10 years longer. For the first time we were able to investigate the contribution of prenatal factors in connection with the main causes of disability pension. Higher birth weight among men was associated with a lower risk of DP primarily due to mental disorders. Allowing for childhood and adulthood socioeconomic status did not attenuate the association suggesting that birth weight, an indicator of the prenatal environment of the fetus, was independently linked to the subsequent risk of DP. Our findings are in line with the two Nordic studies that have previously investigated the link between intrauterine development and DP of any cause. In the first study by Gravseth et al. [12] , a standardized birth weight below mean increased the risk of early DP among individuals born 1967-1976. They found the association to be particularly strong for those with lower educational attainment. In the other recent study by Helgertz et al. [13] , being born asymmetrically small for gestational age was linked to an increased risk of DP. In the first study [12] the associations were stronger for men than for women, which supports our findings of a gender difference. The second study [13] did not stratify by gender. The significant findings of the present study for men but not women may be due to faster growth of the male fetus in utero rendering them more vulnerable to the effects of undernutrition [19, 20] , to the observed gender differences to stress responses for those with low birth weight [21] or to the differences in the level of job strain during the work career. For example, women were more often homemakers at some point and thus had more spells of not being employed and may have been less exposed to job strain during that time. Job strain has been linked with a higher risk of DP [6] , which might have, along with non-optimal prenatal growth, contributed to the subsequent risk of DP among men. Table 3 . Hazard ratios (HR) and 95% CIs for disability pension (DP) due to mental disorders, musculoskeletal disorders and cardiovascular disease compared to non-disability pension according to birth weight in the Helsinki Birth Cohort Study.
DP due to mental disorder n = 375 vs.
DP due to musculoskeletal disorder n = 233 DP due to CVD n = 231 vs.
non-DP n = 4207 vs. non-DP n = 4207 non-DP n = 4207 Women DP due to mental disorder n = 352 vs.
DP due to musculoskeletal disorder n = 265 DP due to CVD n = 71 vs.
non-DP n = 4204 vs. non-DP n = 4204 non-DP n = 4204 The link between prenatal environment, of which birth weight is a marker, and DP is plausible. There is evidence from cohorts around the world supporting the 'developmental origins of health and disease' [8] model in showing that small body size at birth increased the risk of chronic disease such as CVD and type 2 diabetes in adulthood [22, 23] . We did not find an association between birth size and DP due to CVD, but the trend was in line with earlier findings also reported in this cohort [9] . This finding suggests that the disability pension process is complex and not solely disease-driven, but that there may be other non-medical factors such as the mode of disability compensation system [24] or high job strain [6] , affecting the disability retirement process.
A higher prevalence of mental health disorders such as depression and schizophrenia have been linked to suboptimal prenatal development i.e. lower birth weight and shorter stature [10, 25, 26] although contrasting findings have been reported [27] . We found that smaller body size at birth was linked with an increased risk of DP due to mental disorders in men, which is in line with findings from other studies [26, 28] . There may be several mechanisms through which intrauterine development might increase susceptibility to mental disorders in adulthood causing early exit from the workforce. First, abnormalities in the maturation of the brain may stem from fetal development [29] . In neurodevelopmental studies magnetic resonance imaging confirmed that children born small for gestational age had smaller brain volume in adolescence [30] and that lower ponderal index among term born babies was associated with accelerated brain atrophy in old age [31] . A stimulus or insult during a sensitive time-window in development can have permanent effects on neurodevelopment which has been shown to contribute to personality dimensions such as neuroticism [32] which themselves have been further linked with a higher prevalence of depressive symptoms [33] . Secondly, neuroendocrine systems, particularly those regulating stress responses such as the hypothalamic-pituitary-adrenal (HPA) axis, have been shown to be affected by suboptimal prenatal development [34, 35] . An earlier study found that low birth weight among boys but not girls was related to a higher salivary cortisol response, an indicator of HPA axis reactivity [21, 36] which might predispose these individuals to a higher incidence of mental disorders [37] . These differences between boys and girls might be one explanation for our non-significant finding among women.
The strengths of our study include the well-characterized sample and information on birth size collected from birth records. Register data on pensions were available for practically all original cohort members who had not migrated or died before retiring, thus minimizing loss to follow-up. We were also able to use register data on adult socioeconomic status. Some limitations of the study should be recognized. Birth weight is a crude measure of the intrauterine environment. However, it has been extensively used in the literature as a marker of prenatal development. The relationship between birth weight and DP was independent of length of gestation, suggesting that it can be attributed to slow fetal growth rather than preterm birth. We were however able to control for a limited number of early exposures and thus there might have been other confounders which potentially explain the present findings. The individuals in this study were born in the two public hospitals of the city of Helsinki, they had attended voluntary child-welfare clinics that were free of charge and the majority went to school in Helsinki. Thus, the participants may not represent the entire population living in Finland. However, at birth, childhood social class as indicated by fathers highest occupational status did not differ from that of the population living in the city of Helsinki at that time [38] . In this historical cohort, most individuals were born or grew up during the Second World War, a time during which families might have suffered from food shortages in Finland. This needs to be considered when generalizing these results into contemporary cohorts. In addition, we did not have enough statistical power to investigate the association between birth size and specific diseases or health conditions such as depression.
In conclusion, in this large birth cohort and in 40-years of follow-up we found that higher birth weight was associated with a lower risk of disability pension among men in diverse occupations. The association was particularly strong for men who retired due to mental disorders. This piece of information is important, considering that the loss in workforce due to DP is considerable, particularly among those who transition into DP due to mental disorders, which often takes place at an earlier age than other disabilities. More information is needed on the contribution of early life factors to disability pension due to specific diseases such as depression.
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